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Mined-Over Matter 
Remembering Copper Mining at Keweenaw National Historic Park, 
Upper Peninsula Michigan 
Judy McIlrath and Len Vacher 
Department of Geology, University of South Florida, Tampa, FL 33620 
© 2009. University of South Florida Libraries, Tampa.  All rights reserved. 
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Getting started 
After completing this module, you 
should be able to: 
•  Define “ore”. 
•  List hazards of mining. 
•  Know how to calculate ratios and 
unit conversions.  
And you should also know 
where Keweenaw National 
Historic Park is. 
Michigan 
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The setting – Keweenaw National Historic Park 
Keweenaw National Historic Park was established to preserve and protect the history of copper 
mining, the structures and their settings, and the stories of mining life in the Keweenaw area.  
The park consists of sites situated between Copper Harbor and Ontonagon on Michigan’s 
Upper Peninsula that are owned privately or by state and local governments that work in 
partnership with the National Park Service. (Endnote 1) 
 Home to the single largest concentration of native copper deposits in the world, the district 
produced ~15.5 billion pounds of copper from 1845 to 1996 when the last mine closed.  This 
area was the nation’s leading copper producer until 1887 when it was surpassed by the copper 
mines of Butte, Montana. (Endnote 2) 
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Brief history of copper 
Copper, iron, and aluminum are the three principal metals in use today globally.  Of these, 
copper was the first to be used by prehistoric people.  Copper implements, pots, and jewelry 
appeared in the Keweenaw area as early as 3000 B.C.  Native Americans dug pits and used 
heavy stones to break waste rock away from copper masses.  Smelting, a process of heating 
rocks to a high temperature in a fire, yields a metal (in this case, copper) and a residual termed 
slag.  The chance discovery of smelting, by some prehistoric fire maker, provided a means of 
producing sufficient metal for the needs of industrialized society. 
The pit below, located at Fort 
Wilkins, Copper Harbor, MI., is 
typical of pits dug by Native 
Americans and later transformed 
into mine shafts by early 
commercial mines. 
The Quincy smelter no longer 
operates  and is in disrepair.  
Action is being taken to save 
the smelter and restore it. 
In 1840 at Hays’ Point, Douglass Houghton, 
State Geologist for Michigan, confirmed the 
presence of copper on the Keweenaw 
Peninsula.  In 1844, miners began working 
the first commercial mine. 
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Geology--why is the copper here? 
Over one billion years ago, a mid-continental rift system developed over a 2,000 km stretch 
across North America from Kansas to Michigan.  The rift formed in the Precambrian Era when a 
rising mantle plume caused the crust to thin and spread apart.  As the plume rose, 
decompression melting produced magmas that followed faults and fractures to the Earth’s 
surface producing over 200 lava flows, known as the Portage Lake Volcanics.  One of these 
flows, the Greenstone Flow, is thought to be the largest, single lava flow in the world.  It has an 
aerial extent of over 5,000 km and a total volume of 1,500 km3.   Lava flows and sediment 
deposition intermittently filled the basin created by the rift. 
Lava flows exposed on the Keweenaw Peninsula.  
The strata dip at a 40-degree angle. 
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Geology--why is the copper here? 
Two proposed hypotheses for the 
existence of the native copper: 
1. Widespread regional flow of 
hydrothermal fluids. 
2. Burial metamorphism of basalts at 
temperatures of 300 to 500 degrees.  
As volcanism ceased, sedimentation filled the rift with approximately 8 km of sediment, causing 
the area to subside under the tremendous weight.  Compressional forces, likely caused by 
continental collision on the eastern coast, then acted on this area producing the syncline that 
contains the copper.   Ice Age glaciers also brought large chunks of “float” copper (No, it 
doesn’t actually float) to the area. 
From USGS Bulletin 1309, figure 38. 
Glacial striations carved 
into the Calumet 
conglomerate and a 
chunk of “float” copper 
weighing 9,392 lbs. 
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What is an ore? 
Variations:  
Grade (non-precious metals) – lbs of metal (copper) per 
lbs of ore.  Reported as percent. 
Grade (precious metals) – ounces of metal (Au, Ag, etc) 
per lbs of ore.  Reported as oz/lb. 
To obtain the metals needed by society, we mine ore, rocks containing high concentrations of 
native metals (Cu, Ag, Au, etc.) or ore minerals (metal-containing compounds, often sulfides) or 
oxides) in a form that can be easily extracted at a profit.  The market price of metal determines 
whether a rock body can be considered an ore.  For example, in 1880, copper-bearing rocks 
had to contain at least 3% copper to be considered economic ore; since 1970, rock containing 
only ~0.3% copper is considered economic.  If market prices for a metal drop, often mines shut 
down because it is no longer profitable to extract and process the metal. 
The grade of copper is the ratio of metal to rock.  For 
example, if 50 lbs of copper are obtained from 2000 lbs of 
rock, the ratio is:   
 
            50:2000        or 
Then the grade is reported as a proportion (percent): 
 
 
025.0
2000
50
=
lbs
lbs
%5.2100:5.21:025.0 ==
The Calumet & Hecla mine and the Quincy 
mine were two of the most successful mines. 
Quincy shaft No. 2 is now a tourist attraction. Return to Slide 15 
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The problem 
Below is a spreadsheet containing data through 1925 for discrete ore zones in the Keweenaw region. 
Question 3:  What was the grade of the ore removed from each ore zone?     
Question 1:  What was the total amount of copper mined?   
Remember: 2,000 
pounds = one ton. 
Remember: To calculate grade (%) 
multiply  your decimal value by 100.  
Question 2:  How many pounds of rock were removed in order to obtain the copper in 
each ore zone and in total?   
Click on the spreadsheet icon above 
to access the template for this 
module.  Save the file immediately 
to your computer, and make the 
calculations.  You will enter 
additional information into this 
template later, so use only the 
portion as shown on this slide. 
Enter a formula in each of 
the orange cells. 
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Obtaining the copper 
To determine the best places to establish mines, diamond-encrusted drill bits were used to take core samples 
from the rock layers below the Earth’s surface.  The cores would show the depth at which the copper could be 
found and how thick the deposit might be.  Judgments were made as to whether the copper could be mined 
at a profit.  Depending on the rock unit being mined, the mine either prospered or failed. 
Copper varieties:  Amygdaloidal – copper precipitated in 
the vesicles of the basalt lavas.  Conglomerate –  
copper formed the matrix (pore space between cobbles 
in sedimentary deposits,  Fissure – copper precipitated 
in veins as hydrothermal fluid passed through.(Endnote 3) 
The building above , Calumet No. 2 Dry Storage, where 
miners would change from their wet clothes into dry clothes 
to go home, now houses the inventory (miles and miles) of 
cores that were drilled by a diamond drill (center).     
Amygdaloidal 
Conglomerate 
Conglomerate 
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Obtaining the copper 
Once a copper-rich area was discovered, miners dug underground mines to extract the copper.  They built 
shafts and shaft houses to transport miners in and out of the mine and to get the ore out.  In 1913, one of the 
mines in the Keweenaw area had the deepest shaft in the world at 5,229 feet.  The ore was crushed, sorted 
and smelted.  Waste rock (little or no copper) and slag (residual from smelting) were dumped in huge piles.   
The template contains the 
dividends paid per pound of 
copper in cents.  You know the 
total pounds of copper for each 
zone so multiply the two values.  
Don’t forget to convert your 
answers from cents to dollars! 
Waste rock 
Question 4: What were the total dividends paid for each ore zone and in total (in dollars)?     
Centennial No. 6, Kearsarge, MI and a “copper” copper miner statue!  
Slag pile 
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Who needs copper? 
Copper is an excellent conductor of electricity, second only to silver.  It resists corrosion 
(plumbing pipes), and conducts heat (pots and pans).  In the US, 40% of mined copper is used 
in construction.  Residential homes account for two-thirds of the construction market.  
Common uses of copper include items you use daily: 
Question 5: To build a 2,100 square foot home, ~439 
lbs. of copper are needed.  Assuming a grade of 
copper of 0.7%, what mass of rock in lbs, tons, and 
kilograms will need to be excavated? 
Change the grade (percent) to a decimal.  
Recall that 1 kilogram weighs 2.2 pounds. 
Return to Slide 15 
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Mining hazards and impacts 
Mining is not only a hazardous occupation due to explosions*, deadly gases, cave-ins, and 
flooding.  Often mines are hazardous to humans and the environment long after mining 
operations have ceased.  Abandoned shafts can cave in or may entice the curious into 
dangerous, dark, unstable areas that can be life-threatening.   NEVER go into an abandoned 
mine!  In addition, waste rock is left in huge, unsightly piles.  Tailings (crushed waste rock) can 
release toxic materials into water supplies threatening the population and the wildlife.  The NPS 
faces many management issues with abandoned mineral lands.   
*As this module was being developed, an explosion occurred in a coal mine in Indonesia killing 5, injuring 9 and trapping 30 other miners.  Mine rescues 
more often than not turn into body recoveries. 
During the 100 year history of Keweenaw mining, it is estimated that over 200 million tons of 
tailings (crushed rock) and other mining debris were deposited into Torch Lake.  In June 1986, 
the area was placed on the National Priorities List (NPL), a roster of the nation’s most 
hazardous waste sites eligible for cleanup under the Environmental Protection Agency’s 
Superfund program, designed to protect human health and the environment.  The Torch Lake 
Superfund site comprises 13 sites (see map) on the Keweenaw Peninsula.  One of them is the 
Quincy smelter which lies within the boundaries of the Keweenaw National Historic Park. 
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Mining impacts to the Keweenaw 
Mining natural resources is necessary for industrial societies.  Knowing about the 
environmental impacts and hazards of mining is critical to public policy debates regarding water 
quality, public health, land use zoning, and much more.   
Dredge at Torch Lake Fire truck filling water tank with Torch Lake water. 
Stamp sands (crushed 
rock) at the Quincy smelter. 
The cost of the clean-up at the Torch Lake Superfund site was $12,300,000.  Because the 
Quincy smelter site was within the boundaries of the Park, it was not included in the original 
clean-up cost.  As advances have not been made in its renovations, the EPA is proposing 
additional clean-up to areas just outside the park boundary at a cost of $477,470.15. 
Question 6:  A dollar earned in 1925 is not equivalent to today’s dollar.  The inflated 
value of the 1925 dollar in today’s economy is $12.15.  Using the inflated dollar 
value, what were the total dividends paid? 
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Superfund site 
The Quincy smelter is located on the Portage Lake Canal and is part of the Torch Lake Superfund site. 
Question 7:  If the mining companies had been held accountable for restoration and 
reclamation (as current mines now are), what would the actual payout of dividends 
have been in today’s dollars after deducting the total cost of cleanup?     
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End-of-module assignment 
 
1. The average multi-family unit uses 278 lbs. of copper.  How much copper is needed for an 
apartment complex that contains 20 buildings with 16 units per building?  What mass of 
rock  (in lbs., tons, and kilograms) will need to be excavated? 
2. Slide 7 states that in 1880, copper-bearing rocks needed to contain at least 3% copper to 
be considered economic ore, but as of 1970, rock containing only ~0.3% copper is 
considered economic ore.  What might be attributed to the decreased percentage? 
3. In a few short sentences, describe in geologic terms what this area would look like if the 
rifting of the North American continent had continued? 
4. The mines of this district produced over 15.5 billion pounds of copper from 380 million tons 
of ore.  What was the overall grade of ore mined from this region? 
5. Only about 40% of the total estimated copper contained in the deposits of the Keweenaw 
area has been mined out.  How many more pounds of copper could be mined?  Report your 
answer in scientific notation.  
6. Along with copper, the area also produced 11 million pounds of native silver from same 
mass of rock in Question 4.  What was the overall grade of silver produced?  Report your 
answer in ounces per pound. 
7. Slide 11 states that copper is second to silver for conducting electricity.  Why isn’t silver 
used in house wiring? 
Endnote 1 
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1. Keweenaw National Historic Park is made up of two federally designated units and a number of partner sites.  The Calumet 
Unit focuses on the preservation of buildings important to mining culture and the Quincy Unit focuses on the preservation of 
mining structures.  Heritage Partner Sites include: A.E. Seaman Mineral Museum, Adventure Mining Company, Chassell 
Heritage Center, Copper Range Historical Museum, Coppertown Mining Museum, Finnish American Heritage Center, Hanka 
Homestead Museum, Houghton County Historical Museum, Keweenaw County Historical Society, Laurium Manor Mansion 
Tours, Old Victoria, Ontonagon County Historical Society Museum, Porcupine Mountains Wilderness State Park, U.P. 
Firefighters Memorial Museum and sites shown below.   Return to Slide 3  
Calumet Unit Headquarters, formerly the main 
office for Calumet & Hecla Mine, the largest and 
most successful mine in the Lake Superior 
region due to the richness of the Calumet 
conglomerate Lode. 
Delaware Mine - One of the most 
unsuccessful mining operations costing 
investors more money than they made.   
Fort Wilkins Historic State Park Keweenaw Heritage Center at St. Anne’s 
Quincy Mine Tours 
Calumet Theatre 
Endnote 2 – why visit the Keweenaw? 
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2. Risk and Resilience (Article from Dan Johnson with permission) 
We all face an uncertain future.  We make plans, have hopes and dreams, but we never know what tomorrow will bring, 
whether happiness, heartache or something in between.  With the current economic situation and many other issues we face 
today, this uncertainty may feel overwhelming.  To cope, some will rely on their faith.  Others might hike a trail in a national park, 
finding the sense of renewal that nature can bring.  Perhaps some will seek another kind of place – a place that speaks of risks 
taken and resilience shown – in a search for answers about who we are and inspiration for the future in achievements of the 
past. 
Our national parks contain many such places.  At Independence Hall, a representative of one of the thirteen colonies signed his 
name on a document that declared a new nation.  At Ellis Island, an immigrant and her children waited in line for their chance to 
start a new life.  A Japanese-American tended a traditional garden to retain ties to his life outside the fence at the Manzanar 
internment camp in the California desert.  In Montgomery, Alabama, a freedom marcher crossed a bridge in a campaign for civil 
rights.   
Keweenaw National Historical Park possesses similar stories.  A surveyor faced unknown dangers looking for rich copper veins 
in remote forests.  An investor risked a fortune to fund a mine.  A miner descended into a mineshaft, never knowing if this time, 
an accident would take his life.  A woman worried about the safety of her loved ones every time she felt the rumble beneath her 
feet, but she continued preparing meals for her family and the boarders they took in.  A merchant followed an unpopular path by 
lending credit to a striker’s family, supporting their desire for higher pay and safer working conditions. 
Risks have always been part of the Keweenaw’s history, yet its people have shown resilience despite uncertainty.  The Ojibwe 
faced overwhelming challenges when Europeans arrived, but still maintain their traditions and identity along Keweenaw Bay.  
Immigrants came from many countries, adapted to unfamiliar customs, and created diverse communities.  Facing a severe local 
recession brought by the end of mining, many communities embraced their heritage and founded historic preservation efforts. 
If you are here “to get away from it all,” you will find scenic beauty – from the Porcupine Mountains to Copper Harbor’s rocky 
shores.  If you are seeking inspiration, visit historic mine sites, villages or local museums to explore stories of the people who 
were here before.  We face uncertain times ahead, but perhaps stories from the past will once again provide hope for our future.   
 
  By Dan Johnson, Interpretive Specialist, Keweenaw National Historic Park   Return to Slide 3 
Endnote 3 
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3. Copper bearing rock samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Return to Slide 9 
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Superfund Area 
Number 
Area Name 
1 Calumet Lake 
2 Boston Pond 
3 North Entry 
4 Redridge 
5 Freda 
6 Michigan Smelter 
7 Quincy Smelter 
8 Isle Royale Sands 
9 Dollar Bay 
10 Mason Sands 
11 Hubbell/Tamarack City 
12 Lake Linden Sands 
13 Point Mills 
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Return to Slide 13 
